Abstract Endogenous and exogenous enzymatic hydrolysis carried out to obtain vanilla extracts with higher concentrations of vanillin using green vanilla beans. Sequences initiated with freezing of green vanilla beans at -1°C for 24 h, followed by endogenous hydrolysis under optimal bglucosidase activity at 4.2 and 35°C for 96 h, exogenous hydrolysis with Crystalzyme PML-MX at pH 5.0 and 40°C for 72 h, and ethanol extraction at 40% (v v -1 ) for 30 days. In the proposed method, 200 g of fresh green vanilla beans with 84% moisture (32 g dry base) were used to obtain a liter of single fold vanilla extract. This method allowed the release of 82.57% of the theoretically available vanillin from its precursor glucovanillin with 5.78 g 100 g -1 green vanilla beans (dry base). Vanillic acid, phydroxybenzaldehyde and vanillyl alcohol were also released and found in commercial and enzymatic extracts. Glucovanillin was detected in commercial and traditional extracts but was absent in enzymatic extracts, indicating incomplete hydrolysis during the curing process. An in vitro assay was conducted to determine if the presence of peroxidase during hydrolysis might affect overall vanillin concentration. Results showed that POD can use vanillin as a substrate under conditions similar to those in which hydrolysis was conducted (pH 5.0 and 50°C), possibly explaining why vanillin concentration was not complete at the end of the process.
Introduction
Vanilla planifolia Andrews is the most valued species of vanilla because of its rich and well-balanced aromatic compounds. However, the main vanilla aromatic compounds are found in the form of glucoside in green vanilla beans. It is hydrolyzed by endogenous b-glucosidase (CE 3.2.1.21) during the curing process (Palama et al. 2011 ). The process is long and produces cured vanilla beans with 1-2% vanillin even though the amount available is * 7% (dry base weight) (Gallage and Møller 2015) . This concentration is calculated from its precursor glucovanillin, which is present in a proportion of 14% in green vanilla beans after 9 months of development ). Cured vanilla beans are processed to obtain vanilla extract designated by Food and drugs Administration (FDA) as that containing 10% of the removable portion of the cured vanilla beans in 35% (v v -1 more ethylic alcohol. According to the Code of Federal Regulations (Title 21, Part 169.180) vanilla extract quality must be expressed in terms of vanillin content as ''fold''; ''single fold'' strength contains 0.1-0.2% vanillin (FDA 2017) . However, the efficiency of vanillin extraction is commonly conditioned by several factors during the traditional curing process: processing temperatures, weather conditions, and loss of aromatic compounds in the conditioning step. Besides, b-glucosidase from green vanilla beans is striking by temperatures used during curing process Baqueiro-Peña and Guerrero-Beltrán 2017) . In addition, hydrolysis of glycosylated odor-active compounds is carried out through enzymatic rather than chemical catalysis, which results in low vanillin extraction during the process (Pérez-Silva et al. 2011) . Moreover, aromatic compounds, including vanillin, are trapped inside cellulosic structures of the vanilla pods, which block complete extraction, and a lower quality vanilla extract is produced (Waliszewski et al. 2007; Frenkel et al. 2010; Paramita and Yulianto 2013) . Other studies have shown gradients of increasing-decreasing concentrations of glucovanillin, b-glucosidase, polyphenol oxidase (EC 1.14.18.1) (PPO) and peroxidase (EC 1.11.1.7) (POD) in the green vanilla beans. PPO and POD play an important role in oxidation during the curing process, but it is not clear whether they oxidize or transform vanillin into dimers in the pod . The demand for natural vanilla in the world is increasing and, as a result, enzymatic methods are being developed to obtain high quality vanilla extracts with high vanillin concentration (Perera and Owen 2010; Naidu et al. 2012; Zhang et al. 2014) . Nevertheless, the authors reported that the vanillin released from glucovanillin was less than expected. Moreover, although endogenous b-glucosidase from vanilla beans is responsible for the glucovanillin hydrolysis, its preservation to improve the vanilla extracts has not been taken into account. Most of the studies have used only exogenous enzymes to increase the vanillin concentration in the vanilla extracts. Therefore, considering that high proportions of b-glucosidase and glucovanillin are present in mature green vanilla beans (after 9 months of development), the aim of this study was to obtain a vanilla extract from green vanilla beans with the maximum content of vanillin from glucovanillin hydrolysis, as well as the presence of p-hydroxybenzaldehyde, p-hydroxybenzoic acid, vanillic acid and vanillyl alcohol using the synergistic activity of endogenous and exogenous enzymes. The method proposal also aims to increase vanilla extract yield and to reduce processing time.
Materials and methods

Plant material
Green vanilla beans with yellow-green apexes were provided by a local producer of Papantla, Veracruz.
Vanilla extract production
This study included the analysis of cellular disruption of the green vanilla beans by freezing to preserve the b-glucosidase activity followed by two phases of hydrolysis. First, endogenous hydrolysis with optimal conditions of reaction to b-glucosidase activity was conducted until higher concentration of vanillin was reached. Afterward, extracts were divided in two groups and a second hydrolysis was carried out adding individually two commercial food-grade preparative enzymes with cellulase activities. The reaction was stopped adding ethanol (40% v v -1 ) (ethanol extraction) until vanillin reached the maximum concentration and glucovanillin disappeared. Main aromatic compounds was analyzed after 30 days of ethanol extraction and was compared against traditional (Mexican method) using cured vanilla beans and commercial vanilla extract.
Freezing of green vanilla beans
Selected mature green vanilla beans with yellow endblossom were divided into two lots of 750 g each. All beans were individually wrapped with aluminum foil and placed in a chamber at -1 and -15°C for 24 h. Four pods of each lot were randomly sampled and homogenized following the method reported by Dignum et al. (2001) for b-glucosidase activity and for methanol vanillin extraction by Dignum et al. (2002) . Vanillin release was quantified by HPLC method (Waliszewski et al. 2006 ) and cellular disruption of green vanilla bean cellulosic structures was indirectly measured by the reduced sugars released by 3,5-dinitrosalicylic acid (DNS) method (Ghose 1987) . Samples were analyzed at 0, 2, 4, 6, 8, 10, 12, 18 , and 24 h of storage.
Enzyme crude extract
The vanilla beans were cut into pieces of 1 cm approximately and ground in a mill. Ten grams of ground green vanilla beans were mixed with 30 mL extraction buffer containing Bis-Tris-Propane 150 mM, Ethylenediaminetetraacetic acid (EDTA) 2 mM, and Di-thiothreitol (DTT) 3 mM (Dignum et al. 2001 Oxidative enzyme activities PPO and POD activities were determined during endogenous and exogenous enzymatic extraction. The PPO assay was conducted adding 500 lL of pyrocatechol 20 mM to a mixture of 100 lL enzyme crude extract with 900 lL acetate buffer pH 3.0. Samples were then incubated at 40°C for 20 min. POD was evaluated by conditioning 100 lL enzyme crude extract in phosphate buffer with a 16 mM solution of hydrogen peroxide at 16°C for 10 min. Guaiacol 20 mM was then added, and the reaction was conducted at 16°C for 10 min (Civello et al. 1995) . Both reactions were stopped with 10% trichloroacetic acid (TCA) solution at 1:10 (v v -1 ) and analyzed at 300 and 440 nm for PPO and POD, respectively. Units of enzymatic activity (UEA) were defined as change of absorbance in 0.001 mg protein -1 min -1 .
Activity of b-glucosidase endogenous
Glucovanillin was purified according to Odoux et al. (2003) and was used as substrate instead of synthetic pnitrophenyl-b-D-glucopyranoside (a commonly used substrate). A volume of 100 lL of the enzymatic extract was mixed with 380 lL of the glucovanillin and the reaction was carried out at pH interval of 3.0-7.0 at 35°C for 4 h, and stopped with 380 lL of Na 2 CO 3 . Later, 20 lL of the reaction solution was diluted with 980 lL of mobile phase methanol:water at 60:40 (v v -1 ) and filtered with Acrodisc Ò Syringe Filters (0.22 lm) to quantify the vanillin content by HPLC method (Waliszewski et al. 2006) . determined 38°C as the optimum temperature to b-glucosidase activity using p-nitrophenyl-b-D-glucopyranoside as substrate, therefore optimum temperature for b-glucosidase activity using glucovanillin as substrate was analyzed at an interval of 30-55°C.
Activity of commercial food-grade enzyme preparations
Both food-grade enzyme preparations Cryztalzyme PML-MX and Cellulase 17600L were tested using filter paper assay to identify the Filter Paper Units per milliliter (FPU/ mL) (Eveleigh et al. 2009 ). Analysis of the optimal bglucosidase activity was similar to that of endogenous bglucosidase using enzyme preparations instead of crude enzyme extract. Optimal pH of the cellulase activity was determined using 2 g of lyophilized and ground green vanilla beans for each evaluated pH (3.0-7.0); samples were homogenized with 10 mL of the corresponding phosphate or citrate buffer. One milliliter of the homogenized sample was added to a Pyrex test tube (13 9 100) with 1 mL of commercial food-grade enzyme preparations and incubated in a water bath for 2 h at 35, 40, 45 and 50°C. The enzymatic reaction was stopped by adding ethanol 50% (v v -1 ). The total protein was estimated by the method of Bradford (1976) , using bovine serum albumin (BSA) as standard. Units of enzymatic activity were defined as mg of reduced sugars mg -1 protein min -1 .
Enzymatic hydrolysis and alcoholic extraction
Four 50 g lots of green vanilla beans previously frozen were cut into 2 cm pieces and homogenized with water and 5 or 10% ethanol solution at 1:2 (w v -1 ). Optimal conditions for endogenous b-glucosidase activity were adjusted. Reaction was conducted in a water bath in closed 250 mL Erlenmeyer flasks and vanillin concentration was analyzed every 12 h by HPLC until peak release was observed. At the end of endogenous hydrolysis, the four resulting extracts were divided into two groups, one for each enzyme preparation, Crystalzyme PML-MX and Cellulase 17600L. Also, enzymatic hydrolysis in each group was conducted individually under optimal b-glucosidase and cellulase conditions. Both groups were adjusted to 9.27 IFPU (International Filter Paper Units) g -1 bean dry weight to carry out the exogenous hydrolysis. The reaction was stopped when peak vanillin release was reached. Reduced sugars, vanillin and residual activities of POD, PPO, and b-glucosidase were analyzed during all enzymatic hydrolysis stages. Ethanol extraction was conducted by adding ethanol (95%) until reaching 40% (v v -1 ) of the total volume. Vanillin and other main compounds, such as p-hydroxybenzaldehyde, p-hydroxybenzoic acid, vanillic alcohol, and vanillic acid were analyzed. Extraction was carried out with slow magnetic stirring at 30°C for 30 days. A first order equation Y i = Y e (1 -e kt ) was used to determine the constant rate of release (k) and the equilibrium concentration of vanillin (Y e ). All trials were conducted in triplicate and statistical significance was determined using Minitab 17.3 statistical package.
Results and discussion
Effect of freezing on cellular disruption and enzymatic activities
The effect of freezing (-1°C and -15°C for 24 h), against the traditional blanching method (65°C for 3 min), on reduced sugars, glucose, vanillin and glucovanillin release are presented in Fig. 1a . Higher quantities of reduced sugar, as an indicator of hydrolysis of cellulosic pod structures, were found when beans were frozen at -1 and -15°C obtaining 12.98 (± 0.83) and 14.43 (± 0.92) g 100 g -1 green vanilla beans, respectively. Moreover, statistical differences between the two freezing treatments were not significant. Pods blanched at 65°C for 3 min also improved the release of reduced sugars but less efficiently with 4.89 (± 0.008), while green pods released 0.50 (± 0.11) g 100 g -1 dry base. Also, concentration of glucose released from green beans was higher when freezing at -1 and -15°C was used with 4.01 and 3.70 g 100 g -1 dry base, respectively, while was not detected in green beans blanched. Similarly, higher concentration of vanillin was obtained when the pods were frozen at -1°C and -15°C with 0.61 (± 0.02) and 0.42 (± 0.02) g 100 g -1 dry base after 24 h, respectively. In contrast, vanillin released from blanched pods was 0.08 (± 0.01) 100 g -1 dry base, and it was not detected in fresh green vanilla beans. Besides, residual glucovanillin was quantified and statistical differences were not significant between treatments. Residual b-glucosidase activity (Fig. 1b) was analyzed and 62.44 and 4.94% of residual activity was identified in vanilla beans frozen at -1 and -15°C for 24 h, respectively. However, there was no activity detected in pods blanched at 65°C for 30 min. Thus, b-glucosidase activity was not drastically affected for temperatures of -1°C, and allowed its release from cellular compartments to initiate glucovanillin hydrolysis. These results could explain the low yield of vanillin extracted with the artisanal method where warm temperatures are commonly used. Gradual loss of b-glucosidase activity has been reported in other studies as one of the most significant problems in the vanilla industry because this enzyme is responsible for glucovanillin hydrolysis and vanillin release (Dignum et al. 2002; Waliszewski et al. 2009; Gu et al. 2017) . Vanillin concentration is a main factor of the quality of the vanilla extracts; single fold vanilla (containing 0.1-0.2% vanillin) is considered the reference of minimum quality (Gallage and Møller, 2015) . Consequently, several studies have been developed to increase vanillin release using exogenous enzymes with cellulase or b-glucosidase activity (Ruiz-Terán et al. 2001; Waliszewski et al. 2007; Perera and Owen 2010; Zhang et al. 2014) . As shown in Fig. 1b , the enzymatic activity at -15°C decreased after 2 h of freezing, and dark zones along the defrosted pods were detected, probably due to the endogenous oxidative enzymes POD and PPO. These enzymes use phenols as substrate and produce dark pigments, which have been reported as inhibitors of b-glucosidase activity ). Dignum et al. (2001) reported that b-glucosidase was drastically reduced when vanilla pods were stored at -20 and -80°C, while POD activity remains without change for up to 28 days of storage. Our results showed that 62.4% of residual b-glucosidase activity remains when green vanilla beans were frozen at -1°C for 24 h. These conditions were selected and were replicated prior to enzymatic hydrolysis of green vanilla beans to improve the release of vanillin from glucovanillin.
Endogenous enzymatic hydrolysis
Enzymatic hydrolysis of green vanilla beans was divided in two phases, endogenous and exogenous. Endogenous hydrolysis of green vanilla beans was carried out following freezing step under optimal endogenous b-glucosidase activity at pH 4.2 and 35°C. Moreover, 5% ethanol (v v -1 ) was added to enhance vanillin solubility without affecting enzymatic activity. Figure 2a shows the kinetics of vanillin release during endogenous enzymatic hydrolysis, and higher vanillin concentration was detected at 96 h of reaction reaching 3.80 (± 0.20) and 3.23 (± 0.01) g 100 g -1 green pods dry base in hydrolyzed green vanilla beans with and without ethanol, respectively. Vanillin concentration at the end of endogenous hydrolysis was 6.23 times higher than that released after the freezing stage. Moreover, this concentration did not correspond to the * 7 g available based on the 14.64 g of glucovanillin present in green pods (Fig. 1a) . Although no more vanillin was released after 96 h of endogenous hydrolysis, 7.62 g of glucovanillin was present in the vanilla extract, probably indicating inefficient b-glucosidase activity and the need to reinforce enzymatic activity to assure complete vanillin release. Several studies that used enzymes to extract intracellular metabolites from plants point to the cellulosic structures as a physical barrier to complete extraction (Waliszewski et al. 2007; Frenkel et al. 2010; Paramita and Yulianto 2013) . Besides, it was reported that b-glucosidase and glucovanillin are commonly present in different cellular compartments, making glucovanillin and b-glucosidase interaction difficult (Odoux et al. 2003) . Therefore, the second stage of enzymatic hydrolysis was carried out using commercial food-grade enzyme preparations under optimal conditions of cellulase and b-glucosidase activities.
Exogenous enzymatic hydrolysis
Cellulase conditions were indirectly evaluated on reduced sugars released during enzymatic reaction. Higher concentrations of reduced sugars were obtained when Cryztalzyme PML-MX (Cry50) and Cellulase 17600L (Cel50) were used at pH 3.4 and 50°C, and at pH 4.7 and 50°C, respectively. Optimal conditions of b-glucosidase activity were identified at pH 5.0 and 40°C for both Cryztalzyme PML-MX (Cry40) and Cellulase 17600L (Cel40) (Data not shown). Reaction conditions were tested using 5% (v v -1 ) ethanol (95%), considering a non-inhibitory effect on hydrolytic activity and a preservative effect against microorganism growth and vanillin solubility (Waliszewski et al. 2007 ). The effect of adding enzyme preparations under b-glucosidic conditions on vanillin release and glucovanillin hydrolysis is presented in Fig. 3 . Greater release of vanillin and disappearance of glucovanillin was observed in both Cry40 and Cel40 treatments at 72 and 96 h, respectively, indicating the effectiveness of the enzymatic treatments. However, final quantity of vanillin obtained after 72 h was not in accord with the theoretically available glucovanillin concentration in fresh green vanilla beans, as mentioned. The highest vanillin concentration was obtained when b-glucosidic conditions were used in both Cry40 and Cel40 treatments, reaching 5.78 and 5.35 g vanillin 100 g -1 green vanilla beans dry base, respectively. The increased release of vanillin observed up to 72 h of reaction indicated that commercial enzymes and b-glucosidic activities improved the quality of vanilla extracts. However, after 72 h, vanillin gradually decreased in both extracts to 2.73 and 3.05 g vanillin 100 g -1 of green vanilla beans dry base. A similar effect was detected in the extracts under cellulase conditions (Cry50 and Cel50). Gatfield et al. (2006) evaluated the curing process of harvested green vanilla beans, indicated that more than half the vanillin was lost as a result of enzymatic oxidation by peroxidase at pH 5.0 and 40°C, remaining 2-3 g 100 g -1 vanilla beans dry base. Other studies have reported that dark zones on vanilla beans developed during the curing process is possibly attributed to POD o because the entire POD system (phenolic substrate-peroxide-enzyme) was found in the green pods, impeding its total quantification Nishimura et al. 2016) . Because of these results, POD, b-glucosidase, and PPO activities were analyzed during enzymatic hydrolysis to corroborate the lack of vanillin.
POD, PPO and b-glucosidase activities
A gradual decrease of POD activity during first 72 h of hydrolysis, followed by an increase until 120 h was identified (Fig. 4) . Thus, POD was not inhibited by hydrolysis and was more active in Cry50 extracts, maintaining 0.55 (± 0.093) UEA at the end of the hydrolysis phase. Even samples with lower POD activity (Cry40) showed activities of 0.29 (± 0.028) UAE at the same time. Cel50 and Cel40 extracts also presented POD activities of 0.22 (± 0.029) and 0.13 (± 0.024) UAE. Thermostability and reactivation under low and high temperatures are two of the main characteristics reported for POD in several studies and is considered responsible for the deterioration of flavor, color and nutritional quality in foods. POD has been studied in vanilla beans during traditional curing by Dignum et al. (2002) , who determined that POD activity gradually decreases through the process but does not disappear entirely, remaining until the last steps of curing. studied POD from green vanilla beans and reported 26% activity loss at 40°C and severe loss of POD activity at 50°C, indicating a probable alteration in its catalytic mechanism. also defined a hypothetical sequence of events leading to the blackishbrown vanilla during curing process, consisting of tissular decompartmentation, hydrolysis of glucovanillin conducted by b-glucosidase, rapid oxidation of the vanillin released by POD, and diffusion of brown oxidation products outward until the whole pod turns deep brown. Hence, it is suggested that enzymatic hydrolysis stimulated the release of the remaining POD, its reactivation coinciding with decreasing vanillin concentration in all treatments.
Reduced POD activity at the beginning of the reaction could due to the effect of the low temperatures used during freezing stage. This is a characteristic described as inherent to this enzyme in many vegetables (Okcu et al. 2013 ).
On the other hand, both treatments Cel40 and Cel50 exhibited higher residual activity of b-glucosidase until the end of the reaction with 120.78 (± 10.67) and 146.66 (± 21.97) UEA, respectively. In contrast, the Cry40 and Cry50 samples had lower b-glucosidase activity, with 45.35 (± 4.29) and 35.62 (± 7.40) UEA, but a higher quantity of vanillin after 72 h of hydrolysis (Fig. 4b) . On the basis of these results, and taking into account that bglucosidase activity remains practically without change during enzymatic hydrolysis, the hypothesis that a b-glucosidase deficiency is the main reason that the maximum vanillin theoretically available from glucovanillin is not obtained can be rejected.
PPO, an enzyme important to improving the flavor of vanilla using phenolic components ), was analyzed to evaluate its effect on vanillin release. The kinetics displayed in Fig. 4c shows a ) using Cellulase 17600L at pH 4.7 and 50°C decreasing trend in activity during hydrolysis, considered to be insufficient to support vanillin loss. On basis of these results, the low quantity of vanillin obtained at the end of the extraction was not due to the lack of b-glucosidase activity. Therefore, in this study POD is probably responsible for this phenomenon. In order to determine if POD uses vanillin as substrate, POD activity was analyzed using synthetic vanillin (99%) and partially purified POD from green vanilla beans. POD activity was defined as a change of 0.001 in the absorbance of vanillin (231 nm) mg protein -1 min -1 . Optimal activity was obtained at pH 8.0 as shown the Fig. 5a , meaning that the alkaline medium stimulated loss of vanillin. Nevertheless, all enzymatic extracts were elaborated at pH 5.0, which only correspond to 20% of residual activity, but enough to interact with vanillin. Because of this, the following assays were adjusted to pH 5.0 to determine the ideal temperature of POD.
Results showed in the Fig. 5b indicated higher POD activity at 50°C while samples adjusted to 40°C had 52.33% residual activity. Both temperatures, 40 and 50°C, were used during enzymatic hydrolysis and could explain why vanillin concentration was lesser than expected to the theoretically available from glucovanillin, even when glucovanillin was completely hydrolyzed. These results agree with those reported by Gatfield et al. (2006) , who found that 50°C and pH 5.0 were the best conditions for the formation of vanillin dimers in presence of hydrogen peroxide and POD. In our study, divanillin was not measured but should be considered in subsequent studies.
Ethanol extraction
At the end of enzymatic hydrolysis both Cry40 and Cel40 extracts were adjusted with ethanol (95%) to a final 40% (v v -1 ) and vanillin release was analyzed for 30 days. Although around 250 aromatic components that affect the complete bouquet have been identified (Frenkel et al. 2010) , vanillin, p-hydroxybenzaldehyde, p-hydroxybenzoic acid, vanillyl alcohol, and vanillic acid are considered the major volatile compounds found in vanilla beans (Pérez-Silva et al. 2011; Santos et al. 2017) . Table 1 shows the main aromatic compounds identified in vanilla extracts after hydrolysis and ethanol extraction compared against Virginia Dare commercial vanilla extract and a traditional extract obtained from cured vanilla beans. Glucovanillin was quantified to determine whether it was completely hydrolyzed using the different process studied. Among the aromatic compounds evaluated, p-hydroxybenzoic acid was not identified in any of the extracts, and glucovanillin was identified only in traditional and commercial extracts. However, as previously mentioned, glucovanillin was absent in both extracts of green vanilla beans Cry40 and Cel40, with maximum concentrations of vanillin of 0.169 (± 0.005) and 0.153 (± 0.008) g 100 mL -1 , respectively. Moreover, vanillin concentration was not statistically different between enzymatic treatments, but it was higher than that in commercial and traditional extracts with 0.135 (± 0.015) and 0.136 (± 0.008) g 100 mL -1 , respectively. On the other hand, vanillyl alcohol was identified in the commercial extract with 0.382 (± 0.135) mg 100 mL -1 and in both enzymatic extracts Cry40 and Cel40 with 1.521 (± 0.111) and 1.450 (± 0.192) mg 100 mL -1 , respectively. Furthermore, vanillic acid was detected only in the commercial and Cry40 extracts. Odoux (2011) indicated that vanillic acid and p-hydroxy benzoic acid present in vanilla beans could increase by oxidation of vanillin and p-hydroxy benzaldehyde, respectively. However, Baqueiro-Peña and GuerreroBeltrán (2017) identified b-D-glucosides of vanillin, vanillic acid, vanillyl alcohol, and p-hydroxy benzaldehyde in mature green vanilla beans concluding that these compounds are released during the curing process by b-glucosidase enzymes which improve the quality of the extracts. Therefore, enzymatic reactions such as glucoside hydrolysis and oxidation of volatile compounds are important to achieve the overall vanilla flavor. Thus, control of the conditions during the curing process is crucial to obtaining the characteristic aroma and flavor of the vanilla extract. In this context, our study presents an alternative method for obtaining vanilla extracts from mature green vanilla beans using exogenous enzymes, which guarantees the complete hydrolysis of the volatile glucoside compounds. Quality and strength of the vanilla extracts are defined by the FDA (2017) on the basis of the total sapid and odorous principles extractable from vanilla beans, and define a single fold vanilla extract as ''a solution with not less than 35% of ethyl alcohol by volume, and containing the total sapid and odorous principles extractable from 13.35 oz of vanilla pods with not more than 25% moisture per gallon''. Vanillin concentration in single fold extracts is to 0.1-0.2% and is dependent on vanilla pod quality. In this study, although enzymatic extracts Cry40 and Cel40 were single fold, the content of vanillin was higher than commercial and traditional extracts. Moreover, only 50 g of green vanilla beans with 84% moisture per 250 mL (200 g l -1 ) were used to obtain the enzymatic vanilla extracts. In contrast, the vanilla extract industry employs 13.35 oz of cured vanilla beans per gallon (100 g l -1 ) with 25% of moisture. In comparison, 75 g dry base of cured vanilla are used to make traditional vanilla extract, while only 32 g dry base of green vanilla beans were used for enzymatic vanilla extracts, indicating higher performance with this alternative method. In addition, only 9 days were necessary to carry out the process that included the sequential steps of freezing at -1°C for 24 h, endogenous hydrolysis at pH 3.4 and 35°C for 96 h with 5% of ethanol 95% (v v -1 ), and hydrolysis assisted with endogenous enzymes (Cellulase 17600L and Crystalzyme PML-MX) at pH 5.0 and 40°C, using green vanilla beans. In contrast, 2-3 months are required for the traditional curing process. The results indicate that the enzymatic method improves vanilla extract quality based on vanillin concentration. However, other components reported to be responsible for the overall aroma profile were also identified in the enzymatic vanilla extracts and in the commercial extract Virginia Dare as well. It was also demonstrated in this study that POD reacts with vanillin during enzymatic hydrolysis, limiting its extraction, and could be producing divanillin, a flavoring that gives a taste impression of creaminess, milk fattiness, butteriness and sweetness (Krings et al. 2015) .
Conclusion
Food grade enzyme preparations allowed use of a smaller quantity of green vanilla beans to obtain single strength vanilla extract with higher vanillin concentration than that found in commercial extracts. The freezing process of the vanilla beans at -1°C for 24 h supported residual bglucosidase activity at 62.44%, which gradually decreased to 9.28% during endogenous hydrolysis, improving vanillin release up to 3.8 g (± 0.20) 100 g -1 dry base of green vanilla beans of the total vanillin (* 7 g 100 g -1 ) available from 14.67 g 100 -1 of glucovanillin in green vanilla beans, suggesting that reaction rate is slow and directly depends on b-glucosidase activity. However, complete hydrolysis of glucovanillin were achieved by adding the food grade enzyme preparation Crystalzyme PML-MX at pH 5.0 and 40°C for 72 h, reaching 5.78 (± 0.12) g vanillin 100 g -1 . Moreover, the effect of POD on vanillin oxidation impeding its total extraction, with probable divanillin formation, was demonstrated. Aromatic compounds identified in the vanilla extracts obtained by means of enzymatic treatment with Crystalzyme PML-MX were similar to those in the commercial vanilla extracts, implying similar impact on flavor. However, further studies must be conducted to evaluate its quality in food. 
